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Abstract. The electrical characteristics of semiconductor materials can be predicted based on the 
transport of charge carriers within the material. Under room temperature, the electrical properties of 
semiconductor materials can be exploited by knowing the value of their electron mobility to predict the 
number of electrons that experience the transport mechanism. When the material is observed under room 
temperature, the interaction of electrons and the lattice atoms' vibrations result in deformation potential 
scattering. This can stimulate electron mobility changes, which can affect the number of free electrons in 
semiconductor materials. The research results presented in this paper simulate the number of electrons 
that change due to electrons' mobility in the GaAs crystal. This material undergoes potential scattering 
deformation due to the interaction between electrons and phonons at temperature (40-100)K. The 
simulation is carried out by modeling the GaAs semiconductor material in the form of a p-n junction. The 
temperature variation given to the material shows a significant change in concentration in the junction 
area. In contrast, in the contact area's vicinity with the external circuit, both the p-layer and the n-layer 
show relatively constant electron concentrations.  
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Introduction 

GaAs semiconductor crystal is an alloy semiconductor material composed of Gallium (Ga) and 
Arsenic (As). At room temperature, this material has an energy band gap of 1.43 eV with a 
direct bandgap energy band structure [1]. This energy band gap is more expansive than Si, so 
this material is better for the manufacture of electronic devices that can operate up to high-
frequency regions [2]. 
 
In general, all electronic devices are designed to operate at room temperature (300K). 
Theoretically, above a temperature of 0K, the atoms of semiconductor materials experience 
lattice vibrations that interfere with electrons' free movement in the material. The interaction 
between electrons and vibrating lattice atoms gives rise to a scattering phenomenon in a 
semiconductor known as phonon/lattice scattering [3]. 
 
One type of phonon scattering that occurs in GaAs semiconductor crystal material is 
deformation potential scattering. The deformation potential scattering event causes periodic 
changes in the distance between lattice points on the atoms of the crystal [4]. The dependence 
of electron mobility on temperature due to the deformation potential scattering effect is 
mathematically expressed by the following equation [5]: 
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μn≈T

−3/2  (1) 
 
The parameter μn is the mobility of the electron, and T is the temperature. This scattering 
phenomenon can affect the distribution of electron concentrations in the material. Therefore, it is 
necessary to conduct research studies to find out how much influence is generated. The study 
can explain the GaAs semiconductor material's electrical characteristics, mainly due to the 
deformation potential scattering. Furthermore, the value of the electron concentration obtained 
is plotted according to temperature variations so that the n-T characteristic curve is obtained 
due to the deformation potential scattering event. 
 
Materials and Methods 

This research was conducted by applying the finite element method. GaAs semiconductor 
crystal material is modeled into 2-dimensional cross-sections and divides the area into small 
triangular elements with the non-linear distribution of electric fields and charge carriers. The 
partial differential equation of the GaAs semiconductor is applied to the geometry by applying 
several material boundary conditions. Each element's solution is the concentration of electrons 
as free charge carriers in the device being modeled. 
 
The calculation of electron concentration due to the deformation potential scattering 
phenomenon was carried out at 40K, 60K, 80K, and 100K. The input of the value of electron 
mobility for each temperature was (3 x 1014 μm2/Vs), (1.5 x 1014 μm2/Vs), (9 x 1013 μm2/Vs) and 
(7 x 1013 μm2/Vs). As control data, simulations were carried out at a temperature of 300K with 
an electron mobility value of (8500 x 108) μm2/Vs. Stages of the simulation process carried out 
from entering the input data; include GaAs semiconductor crystal geometry (Figure 1), GaAs 
semiconductor crystal parameters [6,7], and boundary condition setting [8], which was applied 
to the fourth boundaries in Figure 1. Positions 2 and 3 are the boundary lines between the 
device and metal contacts. Here, the Dirichlet conditions are imposed at the metal–
semiconductor surfaces. Otherwise, the Neumann condition have applied for positions 1 and 4, 
we have applied Neumann condition as the boundary condition. The final simulation process 
was to solve the Poisson and Continuity equations of the electrons. 
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Figure 1. GaAs semiconductor crystal geometry which has been divided into triangular-shaped 

elements 
 

The results obtained from the simulation process are the distribution of electron concentrations 
in all areas of the device being modeled. The electron concentrations at several observation 
points are analyzed. The observation areas include: anode area A (0.0725; -0.00629), the area 
near anode B (0.26; -0.2), the p layer area near the joint, namely point C (0.0642; -0.326) and D 
(0.366; -0.345), the n layer area near the joint, namely E (0.155; -0.357) and F (0.366; -0.37), 
the area near the cathode G (0.26; -0.502) and cathode area H (0.366; -0.694). The 
temperature variations were applied to the device model, and the effect on the concentration of 
electrons in the material had been analyzed. 
 

Results and Discussion 

Electron Concentration Distribution in Deformation Potential Scattering Phenomenon in 

GaAs Semiconductor Crystal 

 
The results of modeling the GaAs semiconductor crystal material from this study describe a 2-
dimensional profile of the electron concentration distribution and the number of electron 
concentrations in the material. The distribution of electrons in the p-n junction device is visually 
shown in Figure 2, while the number of electron concentrations can be seen in Table 1.  
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Table 1. Electron concentration at T=40 K and μ
n
 (      )

μm 

  
 

 

Position Coordinate 
Electron concentration 

(µm-1) 

A (0.07250;-0.00629) 1.326 x 102 
B (0.26000;-0.20000) 1.649 x 102 
C (0.06420;-0.32600) 2.510 x 107 
D (0.36600;-0.34500) 6.758 x 108 
E (0.15500;-0.35700) 11.879 x 1011 
F (0.36600;-0.37000) 15.096 x 1014 
G (0.26000;-0.50200) 16.264 x 1016 
H (0.36600;-0.69400) 16.582 x 1016 

 

 
Figure 2. Modeling results of electron concentration distribution at T = 40 K in the event of 

potential deformation scattering with each color on the right side representing the scale of the 
electron concentration value, which is 10 to the power of numbers each color index 
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Figure 2 shows that the amount of electron concentration at a 40K temperature depends on 
each color that appears. Each color represents a scale, which is the power index of the number 

10. At point A, the concentration of electrons has the order 102 m-1. Number 2 in the upper 
index of number 10 is represented in blue. At temperatures of 60K, 80K and 100K, the 
simulation results show a similar image to the state at 40K. However, numerically, the electron 
concentration at each point of the observation area is not the same for these temperature 
variations. The simulation results show that the closer to the cathode (negative pole), the 
greater the electrons' number, which is indicated by the higher electron concentration. These 
results are consistent with the theory that the highest number of electrons is in the negative pole 
[9]. 
 
The simulation results of the GaAs semiconductor crystal material shown in Figure 2 provide 
information on the presence of two dominant colors in the material, separated from each other. 
The color contrast of the two is quite large, which means a difference in the amount of 
concentration in the two areas. Dark red represents the maximum electron concentration scale, 
and dark blue represents the minimum electron concentration scale. These results can be 
analyzed based on the types of atomic bonds in the GaAs semiconductor crystal material, a 2-
element semiconductor alloy whose atomic bonds consist of mostly covalent bonds and a small 
portion of ionic bonds [10]. The character of ionic bonds in the material causes the oscillation of 
ions in the GaAs semiconductor crystal material when given a temperature so that a dipole 
moment is formed per volume unit, which is called polarization [11]. The polarization event 
causes a difference in the concentration of electrons in the geometry of the material so that 
there is a part of the geometry that has a maximum electron concentration (dark red) and a part 
of the geometry that has a minimum electron concentration (dark blue). 
 
The contrasting color difference based on the electron concentration value between the two 
regions in the GaAs material causes the formation of a central region that limits the two 
dominant regions in the material's geometry. The middle area in the geometry of the material is 
almost similar to the depletion region in the p-n diode junction, which is analyzed as the 
separation region between positive atoms (low electron concentration) and negative atoms (high 
electron concentration) in GaAs semiconductor crystal material which has ionic bond 
characteristics [10]. 
 
At all temperatures, namely 40K, 60K, 80K and 100K, there was a change in the width of the 
central region of the GaAs semiconductor crystal geometry (similar to the depletion area), 
namely the width  re pectively at the temperature variation of  .   μm,  . 6 μm,  . 8 μm and 
 .5 μm, namely at the po ition of region C to region F. The change in the middle area (region C 
to region F) i  relatively  mall, with a range of  .   μm at any given temperature variation. This 
occur because, at shallow temperatures (<200K), the lattice vibration energy of the crystal is not 
sufficient to ionize all electrons in the material, so that the change in the value of the electron 
concentration is not too large, which is indicated by a relatively small change in the width of the 
color area [13]. However, the event being studied is the deformation potential scattering, which 
is focused on the phenomenon of electron-phonon interaction so that what is reviewed is the 
scattering effect that occurs in the material. Increasing the temperature above 0K triggers lattice 
vibrations, causing the scattering in the material to intensify, affecting the flow of electrons from 
the cathode to the anode (electron diffusion current). Therefore, based on the numerical results, 
it is informed that simultaneously when the temperature in the material increases, the value of 
the electron concentration in the E and F regions decreases while the electron concentration 
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values in the C and D regions increase, thus indicating the occurrence of electron diffusion 
currents in regions the material. 
 
The simulation of the distribution of electron concentration values at 300K (room temperature) 
was carried out as a control value in this study. This is understandable because the temperature 
of 300K is the operating temperature of the semiconductor material; most electronic devices are 
designed to operate at this temperature. In general, the analysis is understood qualitatively in 
the semiconductor material that the value of the electron concentration in the semiconductor 
material will increase along with the increase in the value of temperature given to the material 
[12]. For this reason, the simulation results at a temperature of 300K are used as the 
benchmark value of the simulation results that have been carried out at temperatures of 40K, 
60K, 80K and 100K. At this temperature, there is a change in the width of the central part of the 
geometry (region  C to where F) i   .66 μm in width. By the theory that if the temperature (> 
200K), then the lattice vibrational energy is sufficient to ionize all electrons in the semiconductor 
material [13]. This results in the dark red area (region G and region H) getting narrower, which 
indicates an electron diffusion current. This phenomenon indicates that the electrons in these 
regions have ionized and flowed towards the areas above them (region D and region E). 
However, an increase in temperature also increases the number of electrons so that electrons' 
mobility is reduced, which is measured from the smaller electron mobility parameter. This 
causes the movement of electrons to become slower as the temperature in the material 
increases. This slower movement of electrons disrupts the process of electron diffusion towards 
the anode, as a result of which the electrons gather in the central region of the geometry of the 
material (region C, region D, region E, and region F). Therefore, at a temperature of 300K, the 
increase in the width of the central area of the GaAs semiconductor crystal geometry is more 
significant than the previous temperatures because more electrons are ionized from the 
material. 

 
Characteristics Curve of n-T GaAs Semiconductor Crystals Due to Temperature 
Variations in Deformation Potential Scattering Process 
 
The change in the value of the electron concentration due to the increase in temperature 
applied to the GaAs semiconductor crystal material causes different effects in each region in the 
material model's geometry. For this reason, the n-T characteristic curve is made so that the 
examination of the relationship between the electron concentration value and temperature can 
be easier to see and analyze. The results of the n-T characteristic curve in the deformation 
potential scattering are shown in Figure 3. The characteristic n-T curves shown in Figure 3 and 
Figure 4 represent the change of electron number for all regions in the GaAs semiconductor 
crystal material geometry.  
 
In special case, the electron concentration at position A of Figure 3a (close to anode) and H of 
Figure 4b (close to cathode), the result peformed that the increasing temperature from 20K to 
100K did not alter the number of the electron concentration. Therefore, the pattern of the n-T 
characteristic curve is constant. This is because the temperature given is relatively low while the 
voltage is constant so that in this region, a quasi-neutral state occurs with an indication of the 
number of electrons being fixed. 
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(a) 

 
(b) 

Figure 3. The curve of electron concentration as function of temperature at point A, 
and B (a) and also for point C, and D (b) 
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(c) 

 
(d) 

Figure 4.The curve of electron concentration as function of temperature at point E, 
and F (a) and also for point G, and H (b) 

 
Furthermore, for the central region (point C and D), the result performed that the greater the 
temperature applied to the GaAs semiconductor crystal, the greater the value of the electron 
concentration obtained. There is an increase in the number of electron concentration from C to 
D point. Conversely, in the E region, there is a tendency that increasing the temperature given 
to the material, the value of the electron concentration decreases. This result is opposite to the 
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D region. This phenomenon occurs due to an electron diffusion current so that the electrons 
tend to flow from the E region to the D region. The value of the electron concentration in the E 
region have also decreased with increasing temperature. 
 
Conclusions 

Based on the discussion results, the simulation results in the phenomenon of deformation 
potential scattering for all temperature variations given to the GaAs semiconductor crystal 
represent different electron concentration. The closer to the cathode, the greater the value of 
the electron concentration. Furthermore, the central region of the material's geometry, similar to 
the depletion region, tends to have a different area width when given temperature variations. 
Increasing the temperature from 40K to 100K resulted in a change in the width of the depletion-
like area of  . 6 μm. The number of electron concentration around the middle area perform 
significant change due to the increasing of temperature. A constant state occurs in the anode 
region, near the anode, cathode and near the cathode. 
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